Abstract: Planktonic crustaceans are traditionally identified based on morphological and morphometric characters. However, such characters may be hardly distinguishable and often overlap between species. A probability of misidentification is thus relatively high. Molecular techniques may increase the accuracy of identification if appropriate markers are used. Aim of our work was to develop a simple molecular procedure enabling discrimination between four species of Simocephalus occurring in Europe. PCR-RFLP technique proved to be suitable for such discrimination. Within the 709 bp fragment of mitochondrial cytochrome c oxidase subunit 1 gene we found unique combinations of restriction sites of the BbsI and SacI enzymes for Simocephalus vetulus, S. exspinosus, S. serrulatus and S. congener. PCR products of samples from several locations in Slovakia were digested with the two enzymes and electrophoresed on an agarose gel. The restriction patterns were clearly visible and easily distinguishable. This method is applicable for identifying the four species in any life-stage. Considering its simplicity and cost-effectiveness it can be widely used as a diagnostic tool for discriminating between Simocephalus species with overlapping morphologic characters.
Introduction
Identifying and describing cladoceran species was based on morphologic and ecological characteristics in the past. In last decades, a cladoceran taxonomy has been revised using morphometric (e.g., Orlova-Bienkowskaja 2001) and molecular genetic analyses (Young et al. 2012) . Such combined approaches enable distinguishing and identifying species and help uncovering phylogenetic relationships within this group. Since many cladoceran species are morphologically similar and some of them undergo morphological changes due to ecological factors (Zaret 1969) , molecular genetic markers are useful tools for the species identification. A worldwide effort to standardize the species identification resulted in DNA barcoding based on a sequencing of the cytochrome c oxidase subunit 1 (COI) fragment of mitochondrial DNA (mtDNA). This fragment was chosen for its intra-species conservativeness and inter-species distinctiveness, which enable reliable identification of closely allied species in most animal groups (Hebert et al. 2003a, b) . Nevertheless, despite a wide applicability of DNA sequencing for identifying particular species, this technique has some requirements and limitations related to sequencing machine handling, costliness and quality of resulting data. There are some cheaper and faster methods, which can be more suitable for the species identification, especially in cases, when large number of specimens is needed to be identified in a short time. If the molecular markers and appropriate techniques are carefully searched and optimised, highly reliable data enabling the species identification may be obtained.
The cladoceran crustaceans represent ecologically and economically important components of freshwater ecosystems. Species of genus Simocephalus (Daphniidae) occupy ponds, swamps, littoral zones of lakes and slow-flowing waters with submerged and emergent vegetation. In Europe, five species of Simocephalus were found: S. vetulus (Müller, 1776), S. serrulatus (Koch, 1841), S. exspinosus (De Geer, 1778), S. congener Schödler, 1858 and S. lusaticus Herr, 1917 (Hudec 1993 (Hudec , 1995 . All these species were found also in Slovakia. Nevertheless, S. lusaticus was reported in this territory only in one sample from 1943 (Šrámek-Hušek 1962) . It was hypothesised based on morphological features that S. vetulus includes three species, described as S. vetulus, S. vetuloides Sars, 1898 and S. mixtus Sars, 1903 (Orlova-Bienkowskaja 2001 . Nevertheless, Hudec (1995) indicated that the partitioning of S. vetulus into the three species is not sufficiently supported. Similarly, Young et al. (2012) concluded that, due to the lack of morphometric and molecular differences, S. vetulus, S. vetuloides and S. mixtus from Taiwan belong to the same species. According to allozymic and morphologic analyses of Simocephalus species group from North America, intraspecific divergence of S. cf. vetulus and S. cf. serrulatus is relatively low, whereas S. cf. congener and S. cf. exspinosus represent species complexes, both consisting of several deeply divergent species (Hann 1995) . Orlova-Bienkowskaja (2001) published morphological characters for discriminating between the four Simocephalus species:
Simocephalus vetulus: Postabdominal claw without spines. Inner and outer side of claw with fine setules. Dorso-posterior valve angle with very small prominence. Frontal part of head rounded, without denticles. Ocellus elongate.
Simocephalus exspinosus: Postabdominal claw with spines, basal pecten of postabdominal claw with 8-12 spines of moderate size. Prominence of dorsoposterior valve angel small or absent. The ventral margin of head of females is straight of concave. The ocellus is round or rhomboid.
Simocephalus congener: Spines of the basal pectin of the postabdominal clow closely set. Prominence of dorso-posterior valve angel absent. Ventral head margin almost straight. The ocellus is round. The differences with S. exspinosus: the basal pectin of postabdominal clow with 20-25 small spines.
Simocephalus serrulatus: Dorso-posterior valve angle with a greater prominence. The valve prominence is large, separated from rest of valves by deep embayment. Denticles cover the ventral, posterior and more than 1/3 of the dorsal margin. Frontal part of head with denticles. Ocellus short.
The species-specific morphological features are usually very useful for primary identification of specimens, which can be performed directly in the field or in laboratory. Alternatively, specimens may be documented by photographing or scanning for later identification (Kalous et al. 2010) . Nevertheless, the use of these features may bring some degree of uncertainty due to the morphological plasticity. Moreover, the accurate identification is considerably difficult in cases of earlylife stages and if distinctive morphological characters are degraded. Molecular markers may assist in identification of such specimens. The aim of this study was to develop an effective molecular technique for rapid and accurate discrimination between the four Simocephalus species occurring in Slovak waters. Polymerase chain reaction followed by restriction fragment length polymorphism (PCR-RFLP) analysis was chosen for this purpose, since this technique turned out to be a suitable tool for species identification in various groups of invertebrates (e.g., Traub et al. 2004; Zapata et al. 2007; Širca et al. 2010 ).
Material and methods
Zooplankton samples were collected in the littoral zone of standing water bodies (lakes, pools, old river arms and gravel pits) during the summer seasons (May to September) of 2011 and 2012. The sampling was performed using vertical tows from the bottom to the surface or by horizontal tows from the littoral macrovegetation. The plankton net (mesh size of 70 µm) was used for sampling and concentration of cladocerans. The concentrated samples were preserved in 70% ethanol. In the laboratory, each individual of Simocephalus was identified under optical microscope and put into a separate tube with 98% ethanol. At first, J. Kohout et al.
34 individuals of S. vetulus, 17 individuals of S. serrulatus, 14 individuals of S. congener and 15 individuals of S. exspinosus from several water bodies were sequenced in order to search for restriction enzymes (Table 1) . Another 39 individuals of S. vetulus, 47 individuals of S. serrulatus, 37 individuals of S. congener and 36 individuals of S. serrulatus were subsequently analysed using the RFLP technique (Table 1) .
Genomic DNA of single individuals was extracted using the DNeasy Blood and Tissue Kit (Qiagen, CA, USA) according to the manufacturer's instructions. Extracted DNA was eluted in 50 µl during two (25 µl and 25 µl) steps. For the RFLP analysis, the 709 bp fragment of COI gene was amplified using the primers LCO1490 and HCO2198 (Folmer et al. 1994) . The PCR was performed in a total volume of 25 µl. The reaction mix contained 1x PCR buffer, 0.5 mM each primer, 0.2 mM dNTPs, 1.5 mM MgCl2, 0.625 U of GoTaq DNA polymerase (Promega, Madison, WI, USA) and 50-150 ng of DNA. The PCR profile comprised initial denaturation (95 Based on in silico analysis of the sequences, the restriction enzymes, which are able to determine speciesspecific mutations, were searched. The enzymes BbsI and SacI were found to have unique restriction sites combinations for each of the species. Five µl of PCR product were incubated with 5 U of each enzyme and 1x NEB4 buffer (New England BioLabs, Hitchin, UK) in total volume of 10 µl at 37
• C overnight. The restriction products were separated on a 2% agarose gel with a 1:20,000 dilution of GoldView Nucleic Acid Stain (Guangzhou Geneshun Biotech Ltd., Guangzhou, China) and photographed under UV illumination.
Results
Our work confirms applicability of DNeasy Blood and Tissue Kit (Qiagen) for the DNA extraction from a single individual of large cladoceran. The use of universal primers FF2D and FR1D resulted in successful amplification of the COI fragment in the four Simocephalus species. The sequences obtained using the PCR products were readable and clear. According to in silico analysis, the endonucleases BbsI and SacI were found to have unique combinations of restriction sites for each species. A restriction map for each species is shown in Fig. 1 . The suitability of the marker for species identification were confirmed by the cleavage of PCR products with BbsI and SacI and the following 2% agarose gel electrophoresis (Fig. 2) . The digestion and subsequent electrophoresis of all amplified products produced the expected patterns. The patterns were sufficiently distinct and clearly visible on an agarose gel stained with the GoldView fluorescent dye and visualized under UV transillumination. S. vetulus had no restriction site for BbsI nor SacI, S. exspinosus possessed one restriction site for SacI and one restriction site for BbsI, S. congener had one restriction site for SacI and no restriction site for BbsI and S. serrulatus possessed one restriction site for BbsI and no restriction site for SacI.
Discussion
It can be concluded that the PCR-RFLP analysis of the COI fragment is a useful tool for discriminating between the four Simocephalus species at least in the territory of Slovakia. This technique may help to discriminate morphologically hardly identifiable specimens and can be used as a supplementary tool especially by ecologists and other non-taxonomists. It could be helpful for revealing the distributions and abundances of the four Simocephalus species. The identification of the four species might be performed using the standard sequencing of PCR products. However, compared to the PCR-RFLP technique, the sequencing is more expensive, time consuming and needs sufficient experiences with the machine handling. In last years, the nextgeneration sequencing approaches proved effective for simultaneous identification of many specimens, even in mixed-species samples (Galan et al. 2012) . The applicability of this technique, however, is of limited value in the ecological research, since the availability of facilities is limited and commercial services are expensive. Moreover, an accuracy of these techniques is not sufficient for the present.
It was demonstrated that sequence divergences of mtDNA fragments reliably distinguish closely allied species of various animal taxa (Johns & Avise 1998; Hebert et al. 2003a) . The usefulness of the COI fragment was suggested also in Fungi and Protista due to deep sequence divergences in these taxa (Ingaki et al. 1998) . In contrast, it is not appropriate for plants, since the mtDNA sequence divergences are much lower in this kingdom (Kress et al. 2005) . RFLP assays of PCRamplified COI fragment were developed for identification of some pathogenic species of nematodes (Traub et al. 2004; Širca et al. 2010) , Fungi (Ahmed et al. 1999; Mirhendi et al. 2006) , and medically important species of mosquitos (Zapata et al. 2007 ). The authors mostly suggested the application of these assays in clinical laboratories. PCR-RFLP assays ware also developed in order to discriminate between species of Artemia (Gajardo et al. 2004 ) and gobiid fishes (Kohout et al. in 2013) . The increasing number of such studies evidences an importance and reliability of the PCR-RFLP method for the species identification.
Although the mtDNA is suitable for identifying related species, a problem arises when the species hybridise. MtDNA reflects solely a maternal lineage of inheritance. It is therefore not usable for the hybrid detection. Species of family Daphniidae often hybridise in nature (Hebert 1985; Schwenk 1993) . Interspecific hybrids were reported also among Simocephalus in North America (Hann 1987) . The accurate identifications of hybrids suggests a use of nuclear DNA data. A simultaneous application of morphological and molecular data would significantly increase the accuracy of hybrid detection.
